
NOTES ON ASBESTOSAND ASBESTIFORMMINERALS.

By George P. Merrill,

Curator of the Department of Geology.

The investigations detailed below are an outgrowth of an attempt at

classifying and labeling tlie "'asbestos" collections in the economic

series of the geological department of the National Museum. The
results seem of sufficient interest to warrant immediate publication, as

the final handbook' of which they were designed to form a part may
yet be delayed some months.

Without going too deeply into a discussion of the origin of the name
"asbestos,'' and the causes which led to its present loosely-defined min-

eralogical significance,^ it may be said that as commercially used the

name now covers at least four distinct minerals, having in common
only a tibrous structure and more or less fire- and acid-proof properties.

These minerals are (1) monoclinic amphibole (treniolite), (2) serpentine

(amianthus), (o) anthophyllite, and (4) crocidolite. Of these, tremolite

and serpentine have long been recognized in fibrous forms, and are as

a rule readily distinguishable from one another by the silky fiber and
greater flexibility of the last named. Asbestiform crocidolite is well

known to most mineralogists, though, so far as the present Avriter is

aware, the South African locality is the only source of the mineral in

commercial quantities. That the fibrous form of anthophyllite is also

sufficiently common to be commercially used as asbestos, seems not so

well understood, though the leading text-books on the subject^ all

mention the mineral as sometimes occurring in fibrous forms resembling

asbestos. That a lack of discrimination between fibrous anthophyllite

and the true tremolite asbestos should exist is not strange, since to

the unaided eye they are often iu every way alike, and it is only by
microscopic or chemical means that the true nature of the mineral can

be made out.

'The Nonmetallic Minerals, now in process of preparation.

'^See "Some Misconceptions concerning Asbfstns," by J. T. Donald and A. II.

Chester, in the Eng-. and Min. Journal for March 18, April 1, and June 10, 1893.

^See Dana's System of Mineralogy, latest edition, and Hintze's Uandbuch der

Mineralogie.

Proceedings of the United States National Museum, Vol. XVIII— No. 1066.

281



282 ASBESTOSJXP ASBESTIFORMMINERALS—MERRILL, vol. xviii.

In the aocomi^a Dying" table (pages 291 and 292) i have brought together

all the analyses of the above noted asbestiforni minerals that have

been made either by R. L. Packard or myself in the department

laboratory, as well as sncli others as can be compiled from available

literature. It will be seen that out of the 24 analyses made by our-

selves, 12 are anthophyllite, 7 asbestiforni tremolite, and 2 uralitic

augite. This statement must not, however, be accepted as conveying

the idea that anytbing like the same proportions would hold in another

series, since only such samples were selected for our analyses as had

not been already satisfactorily determined. In all cases the optical

and chemical determinations agree, the mineral giving extinctions

parallel with the axis of elongation proving to be anthophyllite, and

that with inclined extinctions, tremolite (asbestos) or uralitic augite.

This result was not wholly exi)ected. since it was thought that possibly

some might be amphibole anthophyllite, /. c, a mineral with the com-

position of anthophyllite, but monoclinic in crystallization. The angle

of extinction given, is that obtained by measuring against the axis ot

elongation of the tibers. which is doubtless the verticaU-iystallogiapliic

axis.

The size and shape of the rtbers in both asbestos proper and antho-

phyllite is found to be quite variable, but I can not discover that there

is any constant dittereuce. The Sails IMountain material (No. Gl.>.")7,

U. S. N. M.) occurs in the form of a massive aggregate of bundles of

short radiating tibers, rarely 20 mm. in length. The mineral is sott, of

a somewhat brittle nature, but in small tibers very Uexible, though

scarcely elastic. Under the microscope the interference colors are

very faint, scarcely discernible in the smaller fibers: extinction is

always parallel with the axis of elongation. The composition is that

of a hydrated anthophyllite.

The Nacoochee (White County) material (No. 00842. U. S. N. M.) is of

a beautiful snow-white color in the mass, but colorless in single tibers.

The fibers are long, smooth, of very uniform diameter throughout, flex-

ible, but breaking with rectangular cross fractures. The libers not

infreipiently show a cross parting at right angles to the axis of elonga

tion. The mineral is not at all pleochroic, and the tibers always extin

guish parallel with the axis of elongation. The outline of the fiber is

polygonal. Other materials from Cleveland, in this same county, are

precisely similar, both in physical and chemical properties. The Kabnn
County (Georgia) material (No. 50351, LT. S. N. .M.) is colored brownish

by oxidation, and, on casual inspection, is coarse-fibered. The fibers

are long, somewhat stiff, but flexible, though not elastic. The ultimate

product of hbration, obtained by rolling the material between the

thumb and fingers, has a somewhat splintery look under the micro-

scope, the thin fibers, some 0.002 mm. in diameter, running out to a

point at the end. Extinction parallel with axis of elongation.
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Tlic material from Albortou, Maiylaiid (No. (;2<i04, (T. S. N. M.), is

quite similar in j^cncial aitpoarancc to tiiat from (Jlcvclaiid, (xm-ui ring

ill tlic foiiii of librous buiidk'.s 1- to 18 iiiclics iii lengtli. The iiidividual

liberty arc very smooth and polygonal in outline, and !j;iv<' parallel

extinctions. The ultimate composition, it will be observed, is essen-

tially the same as that of Nacoochee. ^Vnother variety, occurring in

the limestonejust above Alberton, is iiure white in color, finely librous,

and when wet is easily rediK-ed to a condition that can only be des(;ribed

as pulpy, like wet paper. The fibers extinguish always parallel with

the axis of elongation, but its exact mineral nature has not been as yet

worked out (see Analysis 40 in accompanying table).

The Carbon County (Wyoming) material (No. 02090, U. S. N. M.) is of

the same general nature as No. ()2«)04. The material from ]\Iitchell

County, North Carolina (No. 5087(), U. H. N. M.), is in the form of bundles

of parallel-lying, long, soft and

silky fibers, white in color,

and easily reduced to a fine,

silky ])owder, without appre-

ciable grit, by rubbing be-

tween the thumb and linger.

The extinction colors are very

faint, but always jiarallelwith

the axis of elongation. No ap-

preciable pleochroism. The

fibers show occasional cross

Xiartings, causing them to

break with shari'), straight

fractures. The actual size of

the fibers —that is, the diame-

ter —is indefinite, since there

seems no limit to further sub-

division. The smallest actually measured was (».()()2 mm, Down to a

diameter of 0.00 1 mm. the fibers are of quite uniform diameter through-

out tlieii- length and in the form of square or slightly compressed

prisms (see Figs. 1 and 2). The smaller sizes frequently tajier off to

wedge shaped ibrms, as shown in Fig. 3. All show extinctions and
])lane of o[)ti<i axis parallel with the axis of elongation.

Two samples were examined, labeled as from Franklin County,

North (Carolina, The first, from the Brush collection at New Haven,
kindly submitted by S. L. Penfield, was in the form of somewhat
stiff and brittle bundles of a slight brownish color. The material was
easily reduced to fibrous form by thumb and fingers, but the fibers were

quite brittle. Its composition is that of normal anth()])hyllite, closely

resembling that of Mitchell County, above noted. The second sample

(No. 44232, U. S. N. M.), concerning the identity of which there at first

seemed some doubt, proved microscoijically identical and was not

analyzed.

ASBESTOSFIBEKS
KnlarBi-il)
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A sample marked as from Tallapoosa County (?), Alabama, was

received from Prof. Albert H. Chester, of Rutgers College, I^ew Jersey.

It resembles very closely that of Mitchell County, North Carolina, and

occurs in tibrous bundles ten or more inches in length. This is also

anthophyllite, as shown by its chemical and optical properties. Material

received from Warrenton, Warren County, the same State, is of i)ure

white color, excepting where stained externally by iron oxide. It is

reduced readily by the thumb and fingers to fine, soft and silky fibers,

which do not ditfer materially from others mentioned.

The San Diego material occurs in the form of hard, compact bundles,

somewhat difiicult to reduce to a fibrous condition, but capable of

almost indefinite subdivision. Under the microscope the fibers, either

singly or in bundles, give parallel extinctions. The bundles, even

though containing thousands of indivddual fibers, conduct themselves

as crystal units, the entire bundle behaving optically as a single fiber.

The larger fibers, although clear and compact, without indication of

having in themselves a fibrous structure, yet manifest their capability

of further subdivision by steplike ends, as in Fig. 4, where the rise of

each step represents the diameter of a fiber which has been separated

from it.

As above noted, I fail to find any certain means of discrimination

between the anthophyllite and asbestos fibers by their shape alone.

Ol)tically there is, of course, a well-defined distinction, the asbestos

fibers giving extinction angles from 0° to 20°, according to their orien-

tation. These fibers, like those of anthophyllite, are angular in outline,

often compressed, at times of a very uniform diameter throughout their

entire length, or again tapering very gradually to a triangular point,

as shown in Fig. 5, which is drawn from a fiber of asbestos (Xo. 02550,

U. S. jS". M.) found in the " soapstone" (juarries of Alberene, Virginia.

The asbestos from Chester, South Carolina (No. 73402, U. S. X. M.), is

of a gray color, short-fibered, and rather brittle. The individual fibers

often show the cross partings, but have frequently acute terminations

and a splintery appearance. The material in Analysis 20 (see accom-

panying table), marked as from Cow Flats, Kew South Wales, it will be

observed, differs radically from that of the '' asbest-forminge mineral"

from the same locality as given by Hintze (Analysis 20). Our material

is of a beautiful wbite, silky appearance, very finely fibered, aiul show-

ing under the microscope clear, colorless, straight fibers of very uni-

form size throughout, ranging from 0.008 down to 0.002 mm. or even

smaller, and giving extinction angles varying from 0° to 17°. The

Corsican material is very similar, as is also that of Pylesville, in Har-

ford County, Maryland (noted later), excepting that the last is a trifle

more brittle and of a grayish hue.

That from Aston, Delaware County (obtained from the Boston Soci-

ety of Natural History, through the kindness of Prof. W. O. Crosby),

occurs in short, beautifully silky forms, sometimes almost feltlike, or
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again in the form of compact bundles of flat fibers of a grayish hue,

several inches in length. The larger bundles found at this locality fre-

quently show rude cross i)artings, indicative of a rupturing through

shearing agencies, the clefts thus formed being filled by other second-

ary minerals. The significance of this fact is noted later. The mate-

rial from Idaho (Analysis 32) can scarcely be considered a true mineral

species, being partially decon^posed by cold dilute hydrochloric acid,

the solution reacting for alumina and magnesia, while the insoluble resi-

due consists of pure white, brittle fibers, in the form of fiat bundles, show-

ing to the naked eye a peculiar crimping extending diagonally across

the plates. The two samples from Nahant and Maiden, Massachusetts,

received from Prof. W. O. Crosby, occur in diabase, the fibers running

oblique or parallel with the walls of the "vein.'' That from JS^ahant

is a dull, light-green gray, platy mineral, shredding up readily into flat-

tened bundles of fibers which lie with their greatest diameters in one

general plane. The fibers, under the microscope, are very uneven in

diameter and splinterlike, terminating in acute points. There seems

almost no limit to fibration, bundles not over 0.004 mm. in diameter

being made up of a large number of short, splinterlike fibers, with

free ends frequently projecting like the broken strands in an old rope.

Fibers were measured down to 0.001 mm. in diameter, but smaller exist.

Small flattened fibers, the fraction of a millimeter in diameter, give

extinction angles, measured against the edge, of 7°, and show indis-

tinctly the emergence of a bisectrix a little to one side, facts at once

suggestive of cleavage splinters parallel to the prismatic faces. Meas-

urements on a number of small individual fibers show extinction angles

ranging from 0'^ to 17°. The Maiden material is very similar, but the

fibers are longer and more uniform in diameter. The composition and
optical properties of both are such as to relegate them to the "uralites"

rather than to true asbestos, though their fibrous structure is none the

less suggestive from our present standpoint.

A platy, dull greenish, soft, and rather brittle mineral found at Kox-

bury, Massachusetts, under similar coiulitions, shows under the micro-

scope stout, faintly yellowish, and pleochroic columns, with frequent

cross partings which give extinction angles as high as 22". The material

is doubtless actinolite, and was not analyzed.

Concerning the possible cause of tlie fibrous structure ot these min-

erals, existing literature is strangely silent, though there are numerous
references to the occurrence of asbestos as a secondary mineral. Thus
Blum describes' the conversion ("umwandlung") of an augite from

Pitkaranda, in tlie Ladoga-See, into an asbestos-like hornblende, the

process being evidently akin to uralitization. He finds also a fibrous

intermediate product having the following composition: SiO^, 45.57 per

cent; ALO;, o.OO percent; FeaOr;, 19.73 per cent; CaO, 4.40 ])er cent;

MgO, 23.40 per cent; H20, 2.00 per cent. In the angites from the Brozza-

' Die Psendomor])li()sen des Jlineralreiches, 18415.
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Thai of Piedmont be also finds all transition stages between comi^act

augite and asbestos. The first stages of the transformation are indi-

cated by a tissue of fine fibrous material on the terminal planes, whereby

the crystal form becomes obscured, the whole ultimately becoming con-

verted into a bundle of flexible fibers with a silky luster. Unfortu-

nately he gives no analyses to show how this ' asbestus " differs, if at all,

from the original augite. E. Schumacher also describes^ the alteration

of dioi)side into asbestos in a manner quite analogous to that of augite

into uralite. The secondary asbestos thus sometimes forms parallel-

lying fibers a decimeter in length, or " verworren faserigen " masses.

The material occurs in a granular limestone. No analyses are given,

the determinations being based on optical properties; nor is there given

any suggestion as to the cause of the transformation.

Before going further, the writer should state that the idea that the

fibrous structure might be but an extreme phase of uralitizatiou, pro-

duced by shearing, was adopted very early in the work of this investiga-

tion, and in perusing the literature and making his own observation, it

has always been with this in mind. Both literature and observation

support this idea to a limited extent, as will be noted as we proceed.

In his work on the Mineralogy of Scotland, Professor Ileddle de-

scribes^ an "amianthus" of unusual if not unrivaled excellence as occur-

ring in the deep cut " goes" on the eastern coast of the Balta Sound, in

the Shetland Islands. The length of the fiber varies from 4 to 12 inches,

and the mineral is sufficiently soft to be readily rubbed down to an

unctuous pulp between the thumb and fingers. It occurs in thin rifts in

gabbro, and though not definitely so stated, the descriptions are such as

to lead one to infer that the libration may be but a phase of schistosity.

Indeed, he describes a highly fissile schistose mineral of essentially

the same chemical composition, which is convertible into a fibrous form

by beating, and which passes into the asbestos on exposure, or, as he

expresses it, the ''amianthus" seems to '-grow out of the solid and iissile

stone." This is almost precisely the relative condition of the fibrous

and compact anthophyllite at Alberton, Maryland, to be described

later. The composition of this "amianthus" is given in Analysis 34,

showing it to be a true asbestos. A second occurrence at Portsoy,

described by this same authority, is of interest as showing the mineral

in veins an inch iu width in a gabbro passing into serpentine, and with

fibers lying transversely to the veins, an unusual thing, he says, "as

regards asbestus." Although occurring iu serpentinous rocks, this

also is a true asbestos, as indicated by Analysis 36. The "hydrous

anthophyllite" first noted by Jameson, and afterwards by Professor

Heddle, as occurring at the Free Clinrch of Milltown, in Glen Trquhart,

Scotland, is described as an alteration product after asbestos. The

'Zeit. der Deutscheu Geol. GeselL, XL, 1878, p. 494.

"Miueralogical Magaziue, II, 1878; also Traus. Koyal Society of Edinburgh,

XXVIIl, 1877-78, p. 502.
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fibers were some 4 or 5 inches in length, of a green-brown color, silky-

luster, and great toughness. These also ran transversely to the walls

of the vein. The mineral was subsequently shown by Lacroix to be
monocliuic in crystallization, and hence treraolite, rather than antho-

phyllite, although tlie analysis as given' (No. 33) shows it to be very

low in lime. F. von Sandberger describes - asbestos and epidote, so

associated as to indicate that they result from the alteration of horn-

blende and augite, in South Tyrol, in Nassau near llof, and in Pribram.

The above enumerated observations, it will be observed, throw little

light upon the subject, other than indicating that the mineral is a

secondary product after augite or hornblende. IMy own observations

in the field are limited to three localities, in all of which indications as

to the secondary nature of the mineral, as well as to the probable efticacy

of shearing, were unmistakable. These localities ;ire at the well-known

"soapstoiie" quarries of Alberene, in Albemarle County. Virginia,

and near Alberton, in Howard County, Maryland.

The "soapstone" at the first-named locality is not a pure steatite,

but rather an admixture of various alteration products, among which
a colorless tremolite and light-green talc are most conspicuous.^ What
the original rock may have been is not apparent from a study of thin

sections, but the appearance in the field is such as to suggest it to have

been a i)yroxenite. It occurs in the form of a broad dike or sheet,

parallel and dipping with the gneiss ( ?) in which it is inclosed, and, as

dis^dayed in the quarry opening, is traversed by numerous irregular

veins of coarsely crystalline calcite. The rock is very massive, in gen-

eral appearance eminently suggestive of an eruptive pyroxenite which

has undergone extensive hydration and carbon atization, whereby a

considerable portion of its calcium has sei)arated out in the form of

calcite. As is almost invariably the case in rocks of this class, the

mass is traversed by numerous joint planes, some of which are pro-

nouncedly slickensided. Asbestos, as found, is always along these

slickeusided zoues, with fibers parallel to line of movement. The mate-

rial is, as a rule, in the form of thin plates or sheets, rarely over 10 mm.
in thickness, but perhaps several feet iu breadth, which bear every

evidence of compression, accompanied by a shearing movement whereby
the material is drawn out into a series of lamina' and the lamiiue

again into fibers. In one instance the material was fibrous (asbesti-

form) only where it had been subjected to a sharp crimi)ing ju-ocess,

such as would result from the impinging of the end of one block against

another at a considerable angle, accompanied by a slight lateral move-

ment. The physical and chemical properties of the fibrous mineral are

those of true asbestos (Analvsis 12).

' Traus. Royal Society of Edinbiugli, XXVIII, 1877-78, p. 531.

-Neues Jalirb. fiir Min., etc., 1888, I, pt. 3, p. 208.

'A chemical analysis of the stone, by K. L. Packard, yielded SiO.., 39.06 per ceut;

AlcOs, 12.84 per cent; FeO, 12.93 percent; CaO, 5.98 percent; MgO, 22.76 per ceut;

ignition, 6.56 per cent. Total, 100.13. All iron calculated as FeO.
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At the second locality above mentioned, the asbestos (fibrous

authophyllite, Analysis 9) occurs along a slickeusided zone between a

schistose actinolite rock on the north, and a dark, massive, impure ser-

pentine on tlie south. Soil and decomposition products obscure the

outcrops, so that observations are limited to an abandoned shaft and

a few shallow prospect holes. The evidences of movement are every-

where abundant in the form of slickeusided, pinched-out masses of

serpentine, sometimes more or less fibrous. The anthoi>hyllite occurs

only along the line of disturbance, and in two forms —the one fibrous,

asbestos-like, and of a white color; the other also fibrous, but in com-

pact masses, with sharp cross fracture, so that tlie material as taken

out bears a striking resemblance to a fine-grained hard wood, sawed and

split for the fire. The color of this variety is a dull yellowish brown;

translucent. By beating, it is readily reduced to a fibrous condition,

though the fibers are brittle. On weatliering it appears to undergo a

spontaneous fibration quite suggestive of the Balta "amianthus"

described by Professor Heddle (ante, p. -80). What the origin of this

serpentinous rock ma}' have been, is not liere apparent, but from its

locality it seems safe to assume it to be an altered form of the gabbros

or peridotites described by Williams.' This being the case, the closing

remark nuide by Dr. Williams in his paper, thongh referring to a

different locality, is at least suggestive. He says: '• It seems ])ossible

that the asbestos deposits of Baltimore County [e. g., like the one near

Elysville) may likewise be the results of the alteration of original

Ijyroxenic masses."

Just below the western edge of the lower bridge of the Baltimore and

Ohio Railroad across the Patapsco, at this same place, is another, the

thu'd deposit, which has come under the writer's observation. This,

though small, offers some interesting distinctive features.

The rock here is a granular, micaceous, magnesian limestone, occur-

ring in narrow beds intercalated in the gneiss, and standing nearly on

edge, with an approximately east and west strike. As exposed, the

rock is locally traversed at varying angles across the bedding Avith

sharp joint planes, in some cases so fine as to be scarcely distinguish-

able, the walls being in almost perfect contact, or again separated from

one another by a slight space, so far as observed never exceeding an

inch, and usually much less. The walls of these Joint planes are ver-

tically grooved and striated, indicative of a relative movement in this

direction, wliieh was, however, presunuibly slight. In nearly every

case noted, the walls of these joint planes are sporadically coated with

thin fihiis of a pure white asbestos-like mineral, which fills the entire

space, and is always arranged Avith its fibers lying in a direction

parallel with the striations, or line of movement. Optical examination

shows the mineral to be orthorhombic. Chemical analysis (Xo. 40)

.shows it to be a mineral of somewhat anomalous composition, and

1 Bull. No. 28, U. S. Geol. Survey, 1889, p. 59.
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needing' more study. It is mentioned here only on account of its bear-

ing upon the subject in hand.

The writer has elsewhere noted' the efficacy of pressure and shearing

in the production of fibrous serpentine (as well as calcite). The fibrous

seri>entine used as asbestos occurs, however, under such conditions as

to i)reclude any such ])ossibility of origin. As is well known, this

mineral is found in what are simply cracks rather than true veins, with

fibers standing at right angles with the walls, and under such conditions

tliat any lateral movement on the part of the walls themselves was
simply impossible. The material is doubtless a reproduction on a large

scale of the process so frequently seen in thin sections, where olivines

and other magnesian silicates undergo serpentinizatiou. The remarks

made here have only a slight bearing upon this mineral.

Resume. —The points brought out in this paper and the suggestions

advanced are (1) that a very considerable ijroportion of the mineral

ill commercial use, and labeled as asbestos in mineral cabinets, is in

reality anthophyllite,'^ and (2) that the fibrous structure in this case,

and that of the true asbestos as well, is due, in many instances at

least, to a ])rocess of shearing —is, in fact, an exaggerated form of the

process of nralitization. The fibers are drawn out along the plane of

the vertical axis only, the parting or line of separation between

individual fibers taking place mainly along cleavage lines, each one

being, therefore, an elongated prism bounded by cleavage faces, but

with form somewhat compressed or otherwise distorted by pressure.

Tlie broad faces on the fibers will therefore correspond to the faces of

the unit prism.^ The fact that the fibers do not in all cases run even

approximately parallel to the walls of the inclosing rock is not necessa-

rily opposed to the view. Owing to a lack of homogeneity in a rock

mass subjected to a compressive force, there may be developed at an

early stage, a series of short, step-like folds bordering closely upon, or

perhaps passing into faults, in which the materials forming the yielding

portion of the mass may be ground to powder, crimped, puckered, or

even rendered fissile, or fibrous, according to their individual qualities.

In such cases, the fibers may stand, relative to the inclosing, more

resisting rock masses, in all i^ositions short of at right angles.

'On the Serpentine of Montville, NewJersey, Proc. U. S. Nat. Mus., XI, 1888, p. 105.

-Penfield states (Am. Jour. Sci., XL, Nov., 1890, p. 394), in speaking of the occurrence

of anthophyllite, " Many specimens which may be seen in collections labeled

authophyllite will be found, when examined with the microscope, to be fine fibrous or

radiated varieties of hornblende." My own observations, as here noted, are quite

to the contrary, it being much more common to find fibrous anthophyllite labeled

asbestos than the reverse.

^See description of Nahaut material, p. 285.

Proc. N. M. 95 19
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If the foregoing is correct, it may seein, on first tliougUt, that we should

find asbestiform augites, enstatites,' and other members of the pyroxene

group. This does not necessarily follow, since these minerals, as is

well known, are peculiarly subject to alteration under conditions of

strain, giving rise to actinolitic, tremolitic, and talcose products. These

may or may not be asbestiform, according to local conditions. It is my
present belief that the asbestos form is never a result of original crys-

tallization, but is always secondary, the original mineral doubtless being

an orthorhombic or monoclinic pyroxene, or j)erhaps an amphibole.

The references made to the works of Blum, Heddle, Sandberger and

others, in the earlier parts of this paper, seem to point to this conclu-

sion. It is possible in such cases that the mineral derived from the

rhombic magnesian pyroxenes may take the form of anthophyllite, and

those from monoclinic lime-magnesian pyroxenes that of tremolite.

Such a rule can scarcely be considered as universal, since in many cases

the mineral undergoes more or less chemical as well as molecular alter-

ation under these conditions. The absence of appreciable quantities

of alumina in the asbestos proper is perhaps the strongest argument

against its derivation from augite or other aluminous pyroxenes, though

it is doubtless to such an origin that we can trace the uralites from

Nahant and Maiden.

There is ample field here for further observation, and should this

paper be effective in causing collectors to note more carefully than

heretofore, not merely where the mineral occurs, but how it occurs and

with what associations, it will serve at least one good purpose.

' Dana, on p. 389 of his " System of Mineralogy," latest edition, mentions the possi-

bility that " some asbestus may properly belong to the pyroxene grouii." It is

evident that, with the possible exception of the uralites from Maiden and Nahant,

none of the samples examined by the writer can be referred to the monoclinic

pyroxenes, though on strictly chemical grounds many of those called anthophyllite

might equally well be called enstatite.
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